INTRODUCTION
The management of children with cleft lip and palate presents many challenges but also many rewards. Our involvement with these children and their families often begins before birth and can extend into late adulthood. Affected individuals present a multiplicity of problems and effective management involves a wide range of specialists.
The currently accepted model for delivery of this care in the most appropriate way is the multidisciplinary cleft team. This is a group of individuals from different specialist backgrounds who work closely together, not only to bring each specialist's particular expertise to the patient in the optimum way, but also to develop an understanding of the requirements and specialist skills of the other team members to enhance the delivery of the total package. It has been suggested that such an integrated system of delivery of care enables the individuals within the team to function in an interdisciplinary way so that all aspects of health care for the cleft condition can be delivered in as seamless a way as possible.
This model has an international acceptance and many centres have slowly developed their services along these lines. However, within the United Kingdom there has been a period of more rapid change stimulated by a government report (CSAG 1 ) leading to a major reorganisation of cleft services across England and Wales particularly. This report and its consequences are discussed later.
It is understood that the antenatal diagnosis of clefts involving the lip is relatively straightforward for an experienced sonographer whereas identification of clefts involving the palate is much more difficult. The needs of children with clefts involving the palate, whether or not the lip is involved, are similar and we shall discuss all types of common labiopalatine clefting.
This review is written by and based upon the experiences of the individual specialists working at the Newcastle site of the Northern and Yorkshire Cleft Lip and Palate Service. It is based upon our current working practices and we have endeavoured to illustrate how this represents current best practice and the evidence to support this where possible.
PREVALENCE
Non-syndromic cleft lip and palate is reported to occur in approximately 1 in 700 live births, with the prevalence varying according to parental race/ethnicity and geographic origin, infant sex and the family's socio-economic status 2 . True prevalence is not known because fetuses with malformations are more likely to be spontaneously aborted than healthy fetuses and, although the risk of cleft lip and palate is three times higher in stillbirths than live births 3 , most studies only report the prevalence of clefts in live births. Therefore the prevalence of cleft lip and palate is likely to be under-reported. The UK survey of cleft care by the Clinical Standards Advisory Group 1 suggested that poor documentation would exaggerate under-reporting. This study found that the number of reported cases of cleft lip and/or cleft palate in England and Wales was 1:1054 live births (630 live births with clefts in 1995) and had fallen as compared with 1:930 live births in 1990. The UK reported reduction in incidence is at odds with other areas of Europe who report an increase 4 . This international increase has been attributed to better documentation, decreased neonatal mortality and the increased frequency of marriage of patients with clefts as a consequence of better care.
The reported prevalence of the different types of cleft lip and palate (CLP) varies. Cleft lip with cleft palate is the most common presentation in most racial groups. The relative prevalence of cleft lip alone varies however, both within and between different racial groups. In Denmark the reported prevalence is 1:2:1 of cleft lip:cleft lip and palate:cleft palate respectively 5 . In Northern Ireland, clefts are distributed as follows; secondary palate only (53%), primary palate only (16%), both (26%) and unrecorded (5%). More males than females were affected, and more males had complete clefts. Unilateral clefts were most common on the left hand side 6 . Few prevalence studies discriminate between unilateral CLP and bilateral CLP, although a prevalence ratio of 4:1 has been reported. 4 The aetiology of cleft lip and/or palate is still largely unknown. The majority of clefts of the lip and palate are believed to have a multifactorial aetiology with several genetic and environmental factors interacting to shift the complex process of morphogenesis of the primary and secondary palates toward a threshold of abnormality at which clefting can occur 7 .
ASSOCIATED ANOMALIES
Patients with oral clefts may also exhibit other anomalies, although the published data varies significantly between studies. Recent research would indicate that 21-37% of patients might have other anomalies including: cardiovascular (24-51%), musculoskeletal, facial dysmorphia or genitourinary system disturbance 8, 9 . Children with associated anomalies are more likely to have combined CLP or cleft palate, rather than cleft lip alone 8 . They are often of lower birth weight 10 . There are over 400 syndromes which include cleft lip and/or cleft palate as a component listed in the London Dysmorphology Database. Some of the more common syndromes are listed in Table 1 11 .
Even after the exclusion of people with additional anomalies and within a well controlled population, it has been found recently that patients with CLP have increased mortality up to the age of 55 compared with the non-cleft population (Christensen 12 ).
EMBRYOLOGY OF CLEFT LIP AND PALATE
The development of the face and upper lip occurs between the fifth and ninth weeks of pregnancy. The larger medial and smaller lateral nasal processes develop on either side of the frontonasal prominence as the nasal placodes deepen. The medial nasal processes grow larger and approach each other in the midline. The maxillary processes develop as cephalic outgrowths from the mandibular process or first branchial arch. The maxillary processes grow forward and medially below the lateral nasal processes. They continue to grow medially merging with the medial nasal processes and then growing over them to meet in the midline. The face is fully formed by the eighth week.
The facial processes consist of an epithelial surface with a mesenchymal core. It is believed that epithelial fusion is followed by mesenchymal penetration of the fused processes. Failure of these processes may cause a cleft lip.
Thus:-1 The lip is formed by the fused maxillary processes. 2 The premaxilla -palate in front of the incisive foramen and the alveolus between the canines -is formed from the frontonasal process. 3 Clefts of the lip become more severe from front to back, i.e. from the vermillion margin of the lip upwards towards the nose and backwards to involve the alveolus. 4 Simonart's bands are narrow bridges of skin and mucosa that cross otherwise complete clefts of the lip and alveolus. This can lead to the appearance of an apparently less severe lip cleft with a more severe, usually complete, alveolar cleft behind it. 5 The lip and premaxilla are often referred to as the primary palate.
Palatal development occurs between the sixth and eleventh weeks. Palatal shelves grow out from the inner aspect of the maxillary processes. At first they hang vertically downwards with the tongue in between. As the neck begins to extend between the eighth and ninth week, the tongue moves down. The palatal shelves become horizontal by an active process involving intrinsic changes in tension within the shelves that can overcome the force of the tongue. Once elevated the palatal shelves fuse with the primary palate anteriorly and with each other more posteriorly. Fusion of the palatal shelves occurs from front to back and is a process of epithelial adhesion and fusion followed by epithelial seam disintegration and mesenchymal in-growth.
Thus:-1 The palate is formed from the palatal processes of the maxillary processes. 2 Clefts of the palate become more severe from back to front. 3 Classically it has been assumed that a palatal cleft in association with a lip cleft results in some way from the presence of the lip cleft and the distortions or abnormalities within the primitive upper jaw that have arisen because of the lip cleft. This simplistic explanation does not entirely explain those clefts of the soft palate that occur in cases of cleft lip when the alveolus and hard palate are intact and it is more likely that more generalised failures of epithelial fusion and mesenchymal consolidation may be to blame. 4 Submucous clefts of the palate probably represent inadequacy of mesenchymal ingrowth following epithelial fusion of the palate and classically present with a bifid uvula, notch at the back of the hard palate and a lucent line along the palate with misalignment of the palatal muscles. 5 The hard and soft palates together are sometimes referred to as the secondary palate.
CLASSIFICATION OF THE DIFFERENT TYPES OF CLEFT LIP AND/OR CLEFT PALATE
In some way each patient with a cleft of the lip and/or palate is different from every other. However, it is important to classify patients into groups for management and study purposes. Most classifications in common usage are based upon the processes of facial embryology and follow in a more or less detailed way the schematic shown in Figure 1 . Some symbolic methods have been used, of which the Striped Y of Kernahan 13 is perhaps the most common example. In the UK, there has been a general move to adopt a simple system, which is easy to use yet has sufficient accuracy for most purposes. It is based on the LAHSHAL system devised by Otto Kreins, modified on the recommendation of the Royal College of Surgeons 14 by omitting one "H" (this removes the scope to record bilateral clefts of the hard palate, but results in a far simpler system). It is compatible with ICD 10 and allows clefts to be coded for computer use, most importantly on the Craniofacial Anomalies Register which has the aim of recording every cleft patient in Britain (Figure 2) .
Some examples of different types of lip and palate clefts are illustrated in Figures 3-6 . From experience, it is possible to make some general statements about different types of cleft.
1 In unilateral cases the width of the lip cleft is governed by the muscular pull of orbicularis oris, the fibres of which are inserted into the anterior nasal spine medially and side of the nose, pyriform margin and cleft margin laterally. The cleft is stabilised by an intact alveolar ridge and/or hard palate. In general therefore the lip cleft and nasal distortion tend to be more severe when the palate is also cleft, although wide lip clefts may be seen even if the palate and more rarely the alveolar ridge are intact. However, usually if the palate is intact a less severe cleft and less distorted nose results - Figure 4 . 2 All components of the lip are assumed to be present although distorted to a greater or lesser extent. Often some elements of the lip, particularly on the cleft side, appear smaller than the contralateral side. 3 In a wide unilateral cleft of the lip it can appear that a segment of the lip below the nose is missing completely when this is not the case. This is a relatively frequently reported antenatal ultrasound finding. This is illustrated in Figures 3 and 8 in two babies with the lip elements pulled away to either side but all present. 4 Similarly a wide unilateral lip cleft may appear to be in the midline -a median cleft. Median clefts are rare and associated with midline brain defects until proven otherwise. Typically median clefts distort the columella and central part of the nose, not the nostrils themselves. 5 In complete bilateral clefts the premaxilla and prolabial segment rotate up under the nose and may appear to be missing in some views. 6 Rare craniofacial clefts may involve the lip but extend up alongside the nose rather than into the nostrils ( Figure 7 ). 
CARE OF THE PATIENT WITH CLEFT LIP AND PALATE
Care of the patient within a multidisciplinary team requires the development of a protocol of care or care pathway to enable the team members to function most effectively and to maximise the benefits of this system to the patient. An outline of the treatment pathway adopted by the Northern and Yorkshire cleft service is shown in Table 2 .
This outline of care begins with antenatal diagnosis and continues to adulthood. The patient may be under active treatment by several members of the team at once. Sometime this occurs at the same time and place in multidisciplinary clinics. At other times specialist treatment, for example speech and language therapy, ENT or psychological treatment, is provided in a separate environment.
The components of the treatment of the cleft patient are described below in approximately chronological order.
Antenatal diagnosis
Improvements in ultrasound scanning have resulted in antenatal diagnosis of clefts becoming more common. As soon as possible after diagnosis the referral should be made to the regional CLP team. If patients have been told and want to know more information, it is imperative that telephone contact be made with the cleft team before they leave the scanning department so that arrangements can be made for the specialist nurse to visit at the earliest opportunity. A report by Jones 15 found that parents who had a delay in obtaining information turned to the Internet. This has been found to cause parents more anxieties, as some of the information they download is inaccurate. It is our protocol to make contact with these families within 24 hours.
Parents are often very shocked when they learn their child has a facial disfigurement. They need reassurance, support and time to assimilate the information. An accurate diagnosis is critical to the process of counselling families; the responsibility of the referral centre is to define the nature of the structural defect with as much precision as possible. This helps the family to visualise the child and to discuss feeding, especially breast-feeding. It also helps when informing about timing and type of surgery. To plan for the future, parents need to discuss the management and likely treatment pathway at their own pace and at their own time, so that they are able to absorb the information.
Parents experience varying degrees of shock, anger, denial, distress and anxiety. Many parents express a feeling of loss of control -despite their plans for a 'healthy' pregnancy they have been unable to control the outcome. Mothers especially may feel intense guilt as they feel their bodies are the custodians and nurturers of their unborn child 16 . Questions about what have they done or not done during pregnancy are frequently asked. All parents will therefore need help in understanding these confused emotions. The way in which the specialist nurse cares for and supports the mother can aid parents in adjusting to the situation. There needs to be empathy, acceptance, honesty and a non-judgmental approach.
Prenatal diagnosis gives parents the advantage of having time to prepare emotionally for the birth and become knowledgeable about the birth defect. Photographs of children with CLP shown to parents before and after surgery are often invaluable. However it is important that they are shown pictures similar to the diagnosis of the cleft of their child.
During pregnancy, families are given the opportunity to meet with the cleft team at a local clinic. Introduction to a parent support group such as CLAPA (Cleft Lip and Palate Association) and meeting parents of a child with a similar cleft who has undergone surgery may also be helpful. However matching families is difficult and should be done with extreme care. Compatibility of the condition, coping styles and timing should be the main considerations when selecting parents, and the introductions should be arranged at the request of the new parents with preparation of the "mentor" family.
We believe that there is an important supportive role for other parents provided they are carefully selected and monitored, but that professionals should give information about a specific cleft and provide any counselling. As well as providing expert care, information, advice and support, the specialist nurses should also act as advocates for the parents. They liaise with other hospitals, the community and all professionals who will be involved with the child's care. A meeting is arranged with the primary care team prior to the birth of the baby. This meeting is attended by the community midwife and health visitor who, with the parents and specialist nurse, plan the initial management in the postnatal period.
With progress in antenatal scanning, cleft lip is often diagnosed before birth, yet of approximately 572 babies born each year with either cleft lip, cleft palate or both, at least 20% are undiagnosed 17 . All these feelings of shock, hurt, helplessness and disappointment that have been explored antenatally are often magnified at the birth of an undiagnosed cleft baby. Despite these different reactions it is essential that the parents see the child immediately and are offered a simple explanation. Shielding parents from seeing the baby creates frustration. Martin 18 concurs with this and stresses that misinformation at the time of birth may be devastating, leading to parents carrying an impression with them for a long time after.
A protocol implemented across all units within the Northern and Yorkshire cleft team referring all babies born with cleft lip and/or palate at birth has improved accessibility. This ensures that all babies are visited by the specialist nurse within 24 hours of referral. This supports the CSAG study 1 which identified that parents felt that maternity units lacked expertise in the cleft field. However, it is difficult for staff to gain experience and expertise when they may only see 3 to 4 patients a year in local units. It is the role of the specialist nurse to ensure effective communication with all maternity units and establish good links. Teaching packages and teaching sessions are being provided with maternity units now incorporating sessions from the specialist nurse into their own staff development programmes. This will ensure all staff have up to date knowledge of looking after cleft babies and an understanding of the problems parents encounter especially with feeding.
Psychological care
The psychological care of the patient with a cleft begins at the time of diagnosis, even if this is before birth. With more involvement of specialist psychologists within cleft teams the importance of this is becoming increasingly apparent.
Psychosocial adjustment
Western society is very focused on the aesthetics of the human body. Those people who are objectively rated as beautiful or attractive are more frequently attributed with personal qualities such as intelligence and trustworthiness 19 . People with facial disfigurements who do not meet idealised standards of attractiveness are more likely to be stigmatised socially 20 . It has been assumed that as a consequence of this process the more severe a person's disfigurement, the poorer their psychosocial adjustment will be. However, recent literature has challenged this assumption and many people born with a cleft lip and/or palate will demonstrate psychosocial adjustment within the normative range 21, 22 . Despite a substantial number of studies over the past twenty years there remains a lack of clarity about what distinguishes those who adapt well from those who do not. Although the aetiology of adaptation is unclear, there is a general consensus that a sub-group of people with clefts are more anxious, more socially withdrawn, are at higher risk of suicide, have fewer friends and have fewer social contacts 23, 24 .
Lifespan perspective
Taking a lifespan perspective, the earliest interventions that may help to improve social competence and reduce distress begin in the antenatal or perinatal stages of care when working with parents and significant family members. The next stage of opportunities for interventions arises as the child begins to function within the family and within external systems such as school and peer groups. As the child matures and faces the task of individuation from the family there may be a need for psychological work. Lastly, adulthood provides its own set of challenges to the individual and there is potential for further psychological interventions throughout this period of life. While some of the psychological needs of patients and their families will require the knowledge and expertise of a clinical psychologist, many needs can be met by ensuring psychological thinking and planning takes place at all levels of care.
Nurturing the parents of a newborn with a cleft
The nature and quality of the attachment a baby forms with their main caregiver is considered to be a highly significant factor in their subsequent ability to relate to others 25 . Factors that can present as a risk to this early relationship are maternal depression 26 , lack of parental social support 27 , bereavement 28 and infant temperament 29 . Although there has been an assumption that parents find it harder to bond with a baby with a facial disfigurement 30, 31 , there is growing evidence that babies born with a cleft are not at particular risk of developing an insecure attachment 32, 33 . Indeed, forming a secure attachment to the parent may be one of the factors that helps buffer the child with a cleft. Hence it is the role of the CLP team to try to facilitate secure infant attachments.
The way that we attempt to do this is to guide parents through a number of stages or tasks:
is particularly important for parents who worry a great deal about whether they have somehow caused the cleft to occur; such as, in the case of a parent who has consumed a very small amount of alcohol during their pregnancy and is worried that this has caused the cleft. 2 To encourage the development of parental confidence and skills in handling and feeding which reduces parental anxiety, increases their sense of competency and controllability. 3 To enable the identification and expression of parental emotional reactions. Many parents fantasise about their unborn baby and how the baby's future will be. When they find out that their baby is not as they imagined, they can experience feelings common to other experiences of loss. These are typically, disbelief, numbness, shock, and immense sadness. Hearing that these reactions are common can help to prevent the parent feeling guilty about having reacted in this way. 4 To reduce anxiety about both short and longer term issues and instil a sense of hope and optimism about the baby's future, e.g. worries about the child's future peer relationships and social status. 5 To encourage parents to seek social support, e.g. having access to other parents who have been through some of the same stages they have ahead of them. Also to encourage parents to access voluntary sector support services such as the Cleft Lip and Palate Association (CLAPA).
The speed and ease with which these tasks can be achieved are dependent on individual differences such as parental resources, coping styles and strategies, social support, experience of clefting, history of bereavement and loss, the quality of the parents' own parenting and attachment history, beliefs about causation and responsibility, and co-morbidities in the baby.
The way that parents find out about their baby's cleft lip and/or palate is one of the many factors that will potentially have an impact on the baby's attachment to their parents. In some cases a cleft will have been diagnosed antenatally. In other cases the cleft will be identified by a professional immediately after birth. The Newcastle cleft team's experience suggests that for some parents the disclosure of the baby's cleft has been carefully and sensitively managed by professionals. In these cases the parents' attention had been drawn to the cleft without conveying professional anxiety; questions raised by the parents about why the cleft had occurred were answered in a way that was consistent with later answers to the same questions; parents' needs for information led the pace and level of information supplied; the emotional reactions of parents were accepted by the professional whether the reactions were of grief, shock, disbelief, numbness, anxiety or whether the reactions were of joy, delight, and pride.
Cases where the disclosure was not handled well are examples of the baby's mouth being hidden by a blanket; parents perceiving negative feelings from the professional; providing too much information too quickly and in some cases a lack of knowledge or confidence by the professional providing information about the cleft and subsequent management. These findings are supported by an American study 34 . Parents of babies born with clefts were interviewed about their experiences of 'being told the news'. In many cases the disclosures were positive experiences. However, parents wanted more opportunity to talk, more chance to show their feelings, offers of more information about the cleft and the possibilities of the baby having a developmental delay. Of the disclosing professional, the parents wanted them to show more caring and confidence and referral to other parents who had a baby with a cleft.
In cases where the cleft has not been diagnosed at birth or soon after, as is more often the case with clefts of the palate, the baby's struggle to feed causes distress for both parent and baby. Parents may feel inadequate as they struggle unsuccessfully to meet the nutritional needs of the baby; their feeling of loss might be intensified by worrying that they have missed out on the early bonding; they can lose confidence in professionals and begin to worry what else might be wrong that may also have been 'missed'.
Feeding the new-born cleft infant
The specialist cleft nurses in our team are the first members of the cleft service to meet the new baby and its parents. One of the main concerns of parents with a child born with cleft lip and palate is about how they are going to feed their baby. Young 35 noted that for 95% of parents issues around feeding were the main concern. It is of paramount importance that feed times are a relaxed and happy occasion for both mother and baby. Therefore one of the most important tasks that the specialist nurses have is to ensure that successful feeding is established as soon as possible after birth, taking into account the mother's preference and any other problems that the baby may have.
In order to do this, a full history of the pregnancy and delivery needs to be taken, a clinical examination of the child performed to determine the general condition of the infant and to exclude any mechanical or neurological problems. Other anomalies need to be highlighted. Children with clefts of the lip and palate are at high risk of having an associated anomaly and there may be cardiac, respiratory and neurological problems which will all have an impact on the appropriateness and safety of feeding.
As a result of the CSAG report 1 all infants born with a cleft of any type must have a feeding assessment undertaken within the first 24 hours of diagnosis. Ideally this will be within the first day of life. However, in cases of late diagnosis it should be done as soon as possible after referral. Where the diagnosis has been made late, parents are usually very distressed, frequently angry but relieved that the difficulties will be corrected.
Feeding is difficult for babies with CLP because of the altered anatomy within the mouth. In order for feeding to be successful the baby has to do several things. Firstly, the baby has to be able to lift the soft palate to close off the nasal airway from the mouth. Then the tongue has to move forward over the lower gum and cup the nipple or teat. Thirdly the baby must make a seal around the nipple or teat with the lips 36, 37 . Whether the baby is breast or bottle-fed, effective feeding depends on tongue movement. In a breast-fed baby the tongue ripples along the base of the breast helping to express the milk out of the nipple. In bottle feeding the tongue compresses the teat against the roof of the mouth. The obvious difficulty these babies have is that they cannot create adequate negative intra-oral pressure to be able to express the milk from the breast or bottle. This pressure, coupled with the rhythmic jaw and tongue movements, is what helps to hold the nipple in place. Added to this is the stabilising effect of the lips. Without the seal the lips should make around the teat, the baby finds it harder to keep the nipple in the correct position. This is not just relevant to those babies with a complete cleft of the lip and palate. Even those with the smallest cleft can have severe difficulties with feeding 38 .
The most common problems in the community are prolonged feeding times and an inadequate nutritional intake. In fact, most babies who present late with a diagnosis of cleft palate usually come via the paediatric ward where they are admitted with failure to thrive 39 . One of the most important things to remember is that feeding times should be a pleasurable experience for both mother and baby. When a mother is struggling to feed a hungry baby and cannot satisfy or pacify her baby this leads to feeding times becoming a frustrating struggle with mother and infant becoming increasingly distressed 40, 41 . It is not always possible to achieve a pleasurable feeding experience when the baby has to be fed by nasogastric tube for whatever reason. One of the most common reasons for a cleft baby being fed this way is due to Pierre Robin sequence. Many of these babies have severe airway problems and due to the smallness of the lower jaw, the tongue remains in a very posterior position, making oral feeding impossible for weeks or even months. With these babies it is important for the parents to feel comfortable and confident with the feeding method. Pleasant oral stimulation should be provided for the baby to avoid oral aversion 36 . Wherever possible the mother's preference for feeding her baby is taken into consideration. However, there are some feeding protocols professionals have to take into consideration. If a baby has an incomplete cleft of the lip then the mother may feed the baby however she wishes. For a baby who has a cleft palate only, then she has a choice. If she chooses to formula feed, then the specialist nurse will provide soft bottles and demonstrate the assisted feeding technique. If she chooses to breast feed, then support will be given and equipment provided to help with expression of breast milk, and soft bottles with a scoop to use for top up feeds to avoid nipple/teat confusion. Within our service it is only when the baby has a complete cleft of both the lip and palate that soft bottles with a scoop must be used. If the mother wishes to use her own milk then we will provide a breast pump and give all the support and encouragement we can.
Continuing role of the Specialist Nurse
The role of the Specialist Nurses is not solely confined to the antenatal and postnatal care of the parents and child. They are involved with these families throughout childhood and into adulthood but particularly during the first year of the child's life. This is due to the preparation for surgery, the pre-and post-operative visits and the liaison with the primary care team to ensure that the child is in the best physical state for the surgery. Historically, these children often presented in the failure to thrive category but now with specialist centres this is hopefully a thing of the past. Those children who still have faltering growth are being referred to paediatricians at a much earlier stage.
As part of our pre-operative care, nose and throat swabs are taken. At this visit the Specialist Nurse discusses what will happen in hospital, and answers any questions the parents or children may have. Parents are offered a visit to the ward for those who are new to our service, in order to allay fears and to reassure both the parents and the children. It allows the families to visualise ward life thus helping prepare for surgery. Issues of diet and arm splints, and how to care for the wound at home are discussed. These visits are vital as they make admission to hospital less stressful for all concerned.
Once all early surgery is completed, the nurses can withdraw slightly from the care of these children, whilst ensuring that the health visitor is well acquainted with the family and the child's medical history. They continue to give holistic care based on the family's needs, liaising with all members of the primary health care team. Constant contact is maintained with the speech and language therapist, psychologist, and school nurse to ensure they are aware of potential problems such as bullying.
Surgery
Closure of the cleft in the lip and palate requires a surgical operation. There are a variety of surgical techniques and timings. Any surgical protocol has to satisfy several apparently contradictory requirements 1 Cosmetic restoration of a normal appearance to the baby at an appropriate time. 2 Functional restoration of the lip and particularly the palate to provide normal eating and drinking and produce a functionally adequate palate to allow the development of normal speech. association with impaired growth.
Only a minority of surgeons now practise repair of the lip in the neonatal period. The results of neonatal repair are no better than later surgery and there is no psychological benefit to the parents 42 . In addition neonatal surgery carries inherently higher risk. Most surgeons repair the lip and often the alveolar area and front edge of the hard palate between 3 and 6 months.
The later the closure of the palate, the worse the speech 43 . Even before speech develops, babbling patterns are abnormal in children with cleft palate and many surgeons close the palate at six months or younger. However, surgery to close the alveolus and palate has been linked with poor facial growth. Early closure of the soft palate with delayed closure of the hard palate has been suggested as a compromise but has produced poor speech results 44, 45 . Closure of the cleft in the alveolus and hard palate involves mobilisation of tissues laterally and their displacement across the midline to cover the cleft. Often large raw areas are left to epithelialise. Closure of the soft palate may require extensive dissection of the soft tissues laterally. The scarring produced by many of these manoeuvres has been implicated in the facial deformity of adults with previously repaired clefts and current surgical techniques aim to minimize the growth disturbance.
There is evidence that good facial growth and good speech can be achieved by closure of the hard and soft palate in a single stage before one year of age provided that surgery is as atraumatic as possible 1, 46 .
In our centre: 1 Lip repair is performed at 3 months of age. At the same time if the palate is cleft the anterior hard palate and alveolar defect are closed with a single layer flap of mucosa from the vomer. 2 The lip is repaired using a modification of the Millard technique. This allows the short medial lip to lengthen by rotation downwards and advances the lateral element across the lip. It is important to detach the lip muscle from its abnormal attachment to the pyriform margin and reconstruct it anatomically across the lip and into the region of the anterior nasal spine. 3 The resulting scar follows reasonably well the line of the philtrum - Figure 8 . 4 The deformity of the nose is corrected by mobilising the underlying cartilages from the overlying skin and mucosa, allowing them to move into a better position as the lip is repaired. The nasal cartilages are supported by sutures within the skin and mucosal envelope. 5 Palate repair is performed at 8 months of age using a single stage technique for combined hard and soft palate closure. 6 Mucoperiosteal flaps are elevated from the hard palate and repaired in the midline. 7 The levator muscle in the soft palate is dissected free from its abnormal attachments to the back of the hard palate and medial margin of the cleft. The muscles from each side are turned posteriorly within the mucosal envelope and repaired to each other toward the posterior end of the palate to recreate the levator sling.
8 Mucosal releasing incisions are used only where necessary and their length is kept as short as possible.
Hearing
There is a well-recognised association between cleft palate and middle ear disease that is related to failure of the ventilatory function of the Eustachian tube. There are several reasons for this including:
1 The Eustachian tube is short. 2 The lateral lamina of the tube is deficient causing the lumen to collapse. 3 The tensor veli palatini muscle is abnormally inserted into the tube.
In addition it is important to exclude other causes of deafness in babies with cleft palate.
Eustachian tube dysfunction causes otitis media with effusion (OME), commonly known as glue ear. This is associated with a high incidence of acute otitis media due to secondary infection, tympanic membrane abnormalities including perforations and cholesteatoma. The management of OME involves the use of ventilation tubes inserted through the tympanic membrane under general anaesthetic. In some centres ventilation tubes are inserted early and often repeatedly. In others a watch and wait policy is adopted. Unfortunately the evidence to support either view is not conclusive since repeated ventilation of the ear can result in similar problems to untreated OME.
Palatal surgery improves Eustachian tube function and it is hoped that the earlier surgery now commonly practised will be associated with overall improvement in hearing within the cleft palate population. However, appropriate assessment and follow-up of hearing is vital and other causes of deafness must be excluded. Follow-up every six months of all primary school aged children with cleft palate is recommended.
Speech and Language Therapy
Children born with a cleft involving the palate are at risk of developing abnormal speech patterns. There is considerable variation in the literature about the number of children with CLP/cleft palate who go on to have speech problems following primary repair of the palate. Spreistersbach et al 47 quoted 50% of children with repaired cleft palate developed normal speech spontaneously, 25% required speech and language therapy and 25% required further palatal surgery. Witzel 48 reported that 25% developed normal speech spontaneously and 75% required episodes of speech and language therapy throughout childhood and adolescence. Hall 49 stated that 80% of non-syndromic cleft children who had palate repair before 18 months of age did not require speech and language therapy. The CSAG 1 study audited outcomes of 457 children aged 5 or 12 years who had been treated for unilateral CLP in the UK. Approximately 33% of 5 year olds and 14% of 12 year olds presented with serious consonant articulation errors. In the normal population 12 year olds have no articulation errors. However, the Eurocleft Speech Study, as reported by Grunwell 50 , found the articulatory performance of 11-14 year olds to be good, suggesting that with increasing age speech patterns of cleft palate individuals tend to converge to the normal.
The aetiology of the speech disorder is often multifactorial and complex in nature with many structural and non-structural factors potentially interacting to cause speech problems. Aetiological factors include 51 :
1 abnormal oronasal structure and/or function e.g. velopharyngeal insufficiency, nasal airway deviations, hearing and ENT problems, residual clefts and oronasal fistulae. 2 abnormal oronasal structure and growth e.g. dental and occlusal anomalies. 3 abnormal neuromotor development e.g. abnormally learned neuromotor patterns, developmental learning deficits and neurological factors. 4 abnormal or disturbed psychosocial development e.g. impact of physical difference on parents and child.
Following primary palate repair, cleft speech characteristics that are structural in nature are hypernasality, nasal emission and nasal turbulence. These are all features of resonance and occur when the velopharyngeal sphincter does not close adequately, allowing air to escape into the nose during speech. Consonant production errors can also occur when the child tries to compensate for the lack of oral air pressure required for most consonants used in English. Further surgery is usually required to remediate these problems, although speech and language therapy may also be necessary. Hyponasality is also a feature of resonance and occurs when there is insufficient air in the nose during speech. In the cleft population this may occur in the presence of a nasal airway obstruction such as a deviated nasal septum. Dental and occlusal factors related to abnormal structure may give rise to compensatory errors in consonant production.
Cleft type characteristics of a non-structural nature are indicated by articulatory difficulties. Although primary palate repair has provided an adequately functioning soft palate and velopharyngeal sphincter, consonant production has been mislearned perhaps because of poor oromotor stimulation prior to surgery, faulty motor programming, ENT problems, or social factors. Speech and language therapy is required to remediate the resulting speech disorder rather than further surgery.
It is important to recognise that children with CLP/cleft palate may exhibit the same developmental language and articulation disorders as children without a cleft. Approximately 5% of the normal primary school population have speech and language disorders 52 . As a key member of the multidisciplinary team it is the role of the Specialist Speech and Language Therapist to monitor and assess speech and language development from birth to completion of treatment (approximately 20 years of age), make differential diagnoses, advise parents/carers, liaise with other team members and provide appropriate and timely intervention. The CSAG Study 1 found the major input for speech and language therapy was in the first seven years.
The following outline of speech and language therapy management is cited as good practice 53 .
1 Birth to palate repair Support and information to parents/carers about the development of communication and how the cleft may affect speech development. Encouraging normal patterns of parent-child interaction.
Palate repair to 18 months
Monitoring general communication development and advising parents as appropriate, particularly in relation to emerging babble patterns. At 18 months children will have a routine assessment which looks at play skills, social development, interaction, receptive language, expressive language and consonant production. Collection and analysis of speech data using audio and video recordings.
Other investigations
The specialist Speech and Language Therapist with the cleft team will contribute to assessment, diagnosis and treatment planning for children requiring further surgery for velopharyngeal insufficiency affecting speech outcome and symptomatic palatal fistulae. In addition, assessment is required for older children and adults who require maxillary advancement and those needing prosthetic management of velopharyngeal insufficiency where surgery is contraindicated.
Speech and Language Therapy Intervention
Intervention can take place at any time but must be appropriate, timely and tailored to the individual.
The aim of the Speech and Language Therapist is to facilitate normal development, prevent problems and help the child with a CLP/cleft palate achieve their optimum communication potential.
Dento-Facial Development and treatment

Dental aspects
During embryological development the primordial dental lamina forms within the maxillary processes due to a proliferation of mesenchymal tissue and an invagination of oral epithelium. This concentric arch shaped band of tissue swells to produce tooth germs, which eventually produce the teeth. This sequence commences at week 7. In the patient with a cleft this process is disturbed around the cleft site and may result in the duplication of tooth types either side of the cleft, malformed roots and/or crowns, enamel hypoplasia, absence or ectopia of teeth 54 . Msx1 genes that are thought to be related to clefting are also aberrant in the non-cleft population who have hypodontia (absent teeth) and consequently patients with clefts may have missing or aberrant teeth distant from the cleft in either jaw. Children with clefts are found to suffer higher levels of decay than non-cleft siblings, which may be genetic or environmental. This further mutilation of their dentition can cause problems with future alveolar bone grafting, orthodontics, complex cosmetic/restorative dentistry and orthognathic surgery, as outlined below.
Orthodontics
Orthodontic treatment (alignment of the teeth and their underlying supporting structures) can be used to intervene at almost any age from birth to teenage years, but the orthodontic cleft specialist must be cognisant of the burden of care for these patients and ideally treatment should be limited to discrete episodes of treatment that contribute to the end result e.g.:
1 Pre-surgical dento-facial orthopaedics -use of a dental plate to align the maxillary segments prior to initial lip and palate repair (from birth). 2 Preparation for alveolar bone grafting (7+ years) -see below.
3 Align the maxillary dentition (usually using fixed appliances) in the growing child if the appearance causes the child distress or the irregular teeth are traumatising soft tissues (6+ years). 4 Align maxillary and mandibular teeth in the teenager using fixed appliances (12+ years). 5 Prepare for orthognathic surgery using fixed appliances and to detail the occlusion post-operatively (adult). 6 Fabrication of palatal lift appliances for patients with velo-pharyngeal dysfunction.
The poorly functioning soft palate is raised and the velo-pharyngeal space obturated to reduce hypernasal speech which assists the Speech and Language Therapist in cases that are otherwise untreatable by language therapy alone with/without surgery.
Alveolar bone grafting
Despite early soft tissue repair around the cleft lip and palate, the bony segments of the maxilla and premaxilla are separate. This produces poor alignment, with the maxillary segments collapsing mesio-palataly, behind the premaxilla, which may be particularly severe in the bilateral cleft. The aim of alveolar bone grafting is to reconstruct the bony defect and replace absent alveolar (tooth bearing) bone. At the age of 7-8 years the roots of the canine teeth are half formed and at this point the maxillary segments can be expanded over many months using fixed orthodontic appliances which reposition the maxillary segments into the 'ideal arch form'. This is planned to be complete by 9-11 years of age. The arch is held rigidly with orthodontic fixation in the palate and on the buccal surfaces of the teeth, allowing the defect to be opened surgically. A graft of iliac crest cancellous bone is packed into a mucoperiosteal pocket to the full extent of the defect, often with a degree of overcorrection beneath the nasal ala. This fuses the maxilla, provides alar base support, and allows the unerupted canine tooth to erupt through the graft inducing further bony consolidation 55 . Bilateral clefts are (ideally) grafted simultaneously. Teenage patients usually need further complex orthodontics to straighten the maxillary dentition as it erupts and deal with absent and aberrant teeth. Adults with significantly disturbed jaw relationships may undergo orthodontics combined with orthognathic surgery after completion of facial growth.
Facial growth
In unilateral clefts there is an asymmetry of the premaxilla (which is tilted up toward the cleft side), and a deviation of the nasal septum (which bulges towards the cleft side). In bilateral clefts the premaxilla occupies an anterior position on the underside of the nasal septum. These features are evident from an early embryological stage 56, 57 and it has been suggested that this may be due to an increased growth rate of the tongue or nasal septum. Fetuses with clefts also demonstrate altered tongue positioning, muscular activity and swallow patterns, which contributes to a variable distortion of the maxillary and premaxillary segments. The width of the cleft at birth may be extremely variable between individuals. Total fetal development of the maxillary arch may be deficient, but research is contradictory. Post partum, antero-posterior facial growth in patients with clefts of the lip and alveolus is within normal range, relative to the cranial base 58 although as with all cleft types there is an increased inter-occular distance 59 . Facial growth differs further in individuals with cleft palate, with a reduction in the degree of forward growth (relative to the cranial base) of the maxilla particularly but also the mandible 59, 60 . This may be a feature of clefting or a consequence of their early surgery 61 . Lower face heights are increased compared to non-cleft individuals 59 . In the fully-grown patient these skeletal discrepancies may warrant further orthodontics (in the region of 2-3 years of treatment) and orthognathic surgery to reposition the jaws into a more aesthetic position. Advancement of the maxilla may jeopardize velo-pharyngeal function, and sometimes a compromise must be reached between appearance and function.
LONG-TERM MANAGEMENT
It is easy to concentrate upon the physical aspects of this problem. However, the longterm psychological management of a child with a cleft lip and/or palate continues to be important at all levels of the service. For example, clinics are as psychologically minded as is possible. Asking about the emotional life and adjustment of the child and family as a matter of routine can help to normalise psychological approaches to care. In addition, providing toys that are developmentally appropriate to the needs of the children visiting the clinic, can give the message that the child as a whole has been thought about carefully before their visit. It is also important to include the child in the consultation process as far as possible.
The Newcastle team feel that providing information (written or other) about who the team are, their different roles and some of the concerns which can be raised by parents, e.g. normal development and teasing, is important in the long-term care of children and their families. Such questions and concerns can often be addressed by giving families information about other relevant services which they are able to utilise without further intervention from the team. This approach can be both empowering for families and efficient in terms of time for families and services.
Some concerns families present with cannot be adequately addressed by lowerlevel psychological approaches and may require a psychologist working alongside another team member to inform their practice, or a referral to the clinical psychologist for individual, group or family work. Some examples of such concerns include: low self-esteem, underachievement, body image, managing the reactions of others, surgical preparation, needle phobia, expectations/hopes, bullying, or behavioural problems related to frustration at not being understood by others due to speech difficulties.
Taking a psychological approach to care does not have to involve a psychologist; all members of the cleft team should incorporate a psychosocial perspective into their care of patients with cleft lip and/or palate.
BACKGROUND TO THE RECENT CHANGES IN CONFIGURATION OF CLEFT CARE IN THE UK
In the light of published work, professionals in the field of cleft work expressed concern regarding the quality of treatment for patients with CLP in the UK 62, 63 . In 1995 the Department of Health in the UK charged the Clinical Standards Advisory Group to investigate the quality of care within the UK 64 . All children in the UK with a unilateral complete CLP aged 5 or 12 years of age in 1996-1997 were examined. Their speech, hearing, appearance, dental malocclusion, dental health, quality of bone graft (12y) and skeletal base relationships were examined. The study found that the average result in all these areas was poor. Fifty seven centres provided cleft care with a paucity of good clinical records. The volume of surgery carried out by each surgeon was variable, with an average of 6 cases per year 64 . Bone graft quality and dental and skeletal base relationships were also compared with a European study by six European centres at 8-10 years of age. Children from the UK were more likely to suffer mid face retrusion and poor dental relationships than three of the European centres. Fewer than 60% of children in the UK had a successful bone graft in comparison with 97% from one of the other European centres 63 . It was therefore clear that some patients might not have been receiving optimal care in the UK.
The CSAG made several recommendations 1 , including, So far in the UK, 10 centres have been identified and teams of experts are being recruited. Each clinical team consists of specialist orthodontists, surgeons, speech and language therapists, specialist nurses, geneticists, paediatricians, ENT specialists, anaesthetists and psychologists. In addition they have support staff responsible for data collection, audit documentation and photography. The teams devise and work to strict protocols covering all aspects of care, based where possible on a sound clinical evidence base. Actual delivery of care varies between the 10 centres dependant upon the geography and the demographics of a region.
Note
The Cleft Lip and Palate Association (CLAPA) can be contacted at CLAPA Head Office, 1st Floor, Green Man Tower, 332B Goswell Road, London EC1V 7LQ.
The Newcastle part of the Northern and Yorkshire Cleft Lip and Palate Service is based at:-The Royal Victoria Infirmary Queen Victoria Road Newcastle upon Tyne NE1 4LP
